O n the basis of several randomized clinical trials, 1-3 the World Health Organization concluded in 2002 that screening mammography for women between the ages of 50 and 69 years reduced the rate of death from breast cancer by 25%. 4 Nevertheless, the use of screening mammography is still debated, chiefly because of concern regarding methodologic limitations in some of the randomized trials. 5 In addition, the benefit of mammography when implemented in a population-based service program remains poorly quantified. Therefore, continued evaluation of breast-cancer screening programs is warranted. 6 The main challenge in quantifying the reduction in mortality from nonrandomized screening programs is to provide valid comparison groups. Although historical, prescreening control groups are often used, such a comparison has important limitations because it does not take into account confounding by chronological trends in breastcancer mortality, reflecting such factors as advances in breast-cancer awareness and treatment.
According to a statistical model based on data regarding breast-cancer mortality in the United States from 1975 through 2000, only half the observed reduction in mortality was causally related to the mammographic intervention itself, whereas the other half was attributable to improved management. 7 To establish a valid comparison group, we took advantage of several unique features of the nationwide Breast Cancer Screening Program in Norway, which was implemented by means of gradual geographic expansion over a 9-year period.
Me thods

Screening Program
Norway, with a total population of 4.8 million, has a public health care system. Patients generally receive treatment in their county of residence, and there is no private primary care for breast cancer. 8 The nationwide Cancer Registry of Norway is close to 100% complete. 9, 10 Patients are identified in the registry by their individually unique national registration number, which includes the date of birth. The registry runs the Breast Cancer Screening Program, which began as a pilot project in 4 of the 19 Norwegian counties in 1996. Two years later, the government decided to expand the program, and over a period of 9 years, the remaining 15 counties were enrolled in a staggered fashion 11 (Fig. 1 ).
The rollout of the program followed no specific geographic pattern. Since 2005, all women in the country between the ages of 50 and 69 years have been invited to participate in screening mammography every 2 years.
Before enrollment in the program, each county was required to establish multidisciplinary breastcancer management teams and breast units. 12 As a result, breast-cancer management became centralized for all residents within each county, and dedicated teams of radiologists, radiologic technologists, pathologists, surgeons, oncologists, and nurses managed the care of all patients, regardless of age.
The screening program is organized with 26 stationary and 4 mobile screening units. 13 The Central Population Registry of Norway identifies eligible women on the basis of their national registration number. Invitations are mailed to each eligible woman, suggesting a time for an appointment. 14 Overall, 77% of all women who are invited participate in the program. 15 In accordance with European guidelines, mammograms are obtained in two views, which are independently read by two radiologists. 12 
Study Groups
From Statistics Norway we retrieved information on the Norwegian female population, according to county, from January 1, 1986, through December 31, 2005 . 16 From the Cancer Registry, we retrieved data on all women who had received a diagnosis of invasive breast cancer, including age, tumor stage, date and county of residence at diagnosis, date and cause of death, and information on whether the diagnosis had been made before or after the implementation of the screening program.
By comparing two current groups on the basis of whether screening mammography was available in the county, we would avoid confounding by factors such as improvements in treatment and heightened awareness, temporal changes that may be associated with a reduction in breast-cancer mortality. However, we could not make direct comparisons between these two groups because of the nonconstant risk of death from breast cancer according to the time since diagnosis and differences in rates of death from breast cancer between counties before implementation of the screening program. 15 To adjust for such differences and to achieve equal follow-up time in each county, we established two historical comparison groups that mirrored the implementation of the screening program during the 10-year period preceding the screening program.
Thus, we defined four groups of women, including those in whom a first invasive breast cancer had been diagnosed: two current groups of women who from 1996 through 2005 were living either in counties in which the screening program had been implemented (screening group) or in counties in which the program had not been implemented (nonscreening group), and two historical-comparison groups that from 1986 through 1995 mirrored the county residence of the current groups before the implementation of the screening program ( Fig. 1 ) (see the Supplementary Appendix, available with the full text of this article at NEJM.org).
As pointed out, each county was required to establish multidisciplinary breast-cancer management teams and breast units before enrollment in the national screening program. As a result, the screening program consists of two components: screening mammography and care from multidisciplinary teams. For women between the ages of 50 and 69 years who were invited to participate in the program, the change in mortality after the introduction of the screening program can be related to both the introduction of screening mammography and the establishment of multidisciplinary teams. However, for women who were outside the age range that was eligible for the screening program (i.e., those between the ages of 20 and 49 years and those between the ages of 70 and 84 years) in the counties in which screening was available, the change in mortality could be related only to the establishment of multidisciplinary teams, since these women were not invited to undergo mammography.
Study Oversight
The Norwegian Social Science Data Services approved the study, which was funded by the Cancer Registry of Norway and the Research Council of Norway. The study was conducted in accordance with the protocol, which is available at NEJM.org.
Statistical Analysis
We obtained information on breast cancer as the underlying cause of death through regular linkage between the Cancer Registry and the Cause of Death Registry at Statistics Norway. To isolate the Year Region 1 9 8 6 1 9 8 8 1 9 8 7 1 9 8 9 1 9 9 0 1 9 9 1 1 9 9 2 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 The 19 counties were grouped into six regions according to the date of introduction of the screening program, which was implemented throughout the country in a staggered fashion, starting in 1996. The screening group consisted of women who received a diagnosis of breast cancer after the introduction of the screening program. The nonscreening group consisted of women living in regions where screening was not offered in the same calendar period that screening was offered in other regions. The historical study groups consisted of women residing in the 19 counties in the 10-year period before screening was offered. A screening round lasted for 2 years, and the first year of the first round was included in both the screening and nonscreening groups (purple).
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effect of the breast-cancer screening program, our calculation of mortality in the screening group includes only deaths from breast cancer in women who received the diagnosis after the screening program was implemented (so-called incidence-based mortality). [17] [18] [19] The use of incidence-based mortality avoids the inclusion of breast-cancer deaths that occurred after implementation of the screening program but reflected diagnoses that were made before the program was implemented. So as not to bias our comparisons, we calculated the rate of death in all groups using the incidence-based method. All women in whom breast cancer was diagnosed and who died of breast cancer after implementation of the screening program were included in the screening group, regardless of whether they received the diagnosis at a screening or a diagnostic examination. On the basis of the date of implementation of the screening program in each county, we grouped the 19 counties into six regions; each county within a given region entered the program at approximately the same time (see the Supplementary Appendix). We compared the rates of death separately for each region. Thus, the regional comparisons have the same follow-up time. This grouping tended to reduce random variation resulting from small numbers and permitted the evaluation of changes in mortality in the same region over a period of time. First, we compared women in the nonscreening group with their historical counterparts to determine the temporal change in mortality that was not attributable to the introduction of the screening program and that was likely to reflect improved treatment and earlier clinical diagnosis. Then, we compared women in the screening group with their historical counterparts to determine the change in mortality after implementation of the screening program. In this second comparison, the difference in the rate of death between the two groups can be attributed both to the screening program and to temporal trends in mortality that were unrelated to the screening program. Thus, the reduction in mortality that was related to the screening program was the difference between the rate ratio for death among women in the screening group as compared with their historical counterparts and the rate ratio for death among women in the nonscreening group as compared with their historical counterparts.
We estimated rates of death from breast cancer in the four study groups according to the age at diagnosis (20 to 49 years, 50 to 69 years, and 70 to 84 years). Fig. 2 ). Among women in the nonscreening group, the rate of death was 21.2 per 100,000 person-years, as compared with 26.0 per 100,000 person-years among their historical counterparts, for a difference of 4.8 deaths per 100,000 person-years (rate ratio, 0.82; 95% CI, 0.71 to 0.93; P<0.001), a relative reduction of 18% (Table 1 and Fig. 2 ). Given the reduction in mortality among women in the nonscreening group, as compared with their historical counterparts, the relative reduction among women in the screening group was 10% (95% CI, −4 to 24; P = 0.13). Since the differences between the current groups and historical groups were 7.2 deaths per 100,000 person-years in the screening group and 4.8 deaths per 100,000 person-years in the nonscreening group, only the overall between-group difference -2.4 deaths per 100,000 person-years (95% CI, −1.7 to 6.5) -can be attributed to the screening program alone, representing a third of the total estimated reduction in mortality (2.4 of 7.2).
Among women between the ages of 50 and 69 years in the screening group, those with stage I tumors had a relative reduction in mortality of 16%, as compared with their historical counterparts (rate ratio, 0.84; 95% CI, 0.63 to 1.11); among women in the nonscreening group, the corresponding reduction was 13% (rate ratio, 0.87; 95% CI, 0.62 to 1.23). Among women with stage II tumors, those in the screening group had a marked 29% reduction in mortality, as compared with their historical counterparts (rate ratio, 0.71; 95% CI, 0.58 to 0.86); among women in the nonscreening group, the reduction was 7% (rate ratio, 0.93; 95% CI, 0.76 to 1.12). Among women with stage III or IV tumors, the improvement in prognosis was similar with and without the screening program (rate ratio for death in both groups, 0.70; 95% CI, 0.57 to 0.86 for the screening group and 0.56 to 0.87 for the nonscreening group).
Among women who were not eligible for screening because they were younger than 50 years of age or older than 69 years of age, there was also a significant reduction in the rate of death from breast cancer, as compared with their historical counterparts ( Table 1) . Women in these age groups who were in the screening group but were not eligible for the screening program had the benefit of the multidisciplinary breast-cancer management teams. Among women under the age of 50 years, there was a nonsignificant relative increase in mortality of 4% (P = 1.00) after the introduction of the * Only women between the ages of 50 and 69 years were invited to participate in screening mammography. All women in this group were also eligible for treatment by the multidisciplinary teams that are part of the screening program. † For the nonscreening groups, the value shown is the difference between the rate of death in the historical group and that in the current group. This difference represents changes in mortality over time as a result of increased breast-cancer awareness, improved therapy, and more sensitive diagnostic tools. ‡ For the screening groups, the value shown is the difference between the rate of death in the historical group and that in the current group.
This difference represents changes in mortality both over time and after introduction of the breast-cancer screening program. § For the comparison of the nonscreening groups with the screening groups, the value shown is the difference between the two rate-of-death differences. This value represents the effect of introducing the breast-cancer screening program. Plus-minus values are 95% confidence intervals.
The screening program (Table 1) . Among women who were 70 years of age or older, the relative reduction in mortality of 8% (P = 0.09) could be attributed to the establishment of multidisciplinary teams in the screening program (Table 1 and Fig. 3 ).
Discussion
In our study, the rate of death from breast cancer was reduced by the introduction of a breast-cancer screening program. However, when we took into account temporal trends in breast-cancer mortality caused by other factors, the apparent effect was considerably smaller than expected. Indeed, the take-home message is that breast-cancer screening was associated with an absolute reduction of 10 percentage points in the rate of death from breast cancer. However, the screening program accounted for only one third of the total reduction in mortality among women who were invited to participate in the program. For women between the ages of 50 and 69 years, it was impossible to determine whether the reduction in mortality resulted from earlier diagnoses associated with screening mammography or from the management of treatment by an interdisciplinary team. To our surprise, the reduction in breast-cancer mortality among women between the ages of 70 and 84 years was largely the same as that in the screening group. Although none of the older women were invited to undergo mammography, they were all treated by multidisciplinary teams specializing in breast-cancer care. The fundamental prerequisite for our analysis was the staggered implementation of the Norwegian Breast Cancer Screening Program. This structure provided the opportunity to identify a nonscreening group in order to reduce or perhaps eliminate confounding as a result of temporal changes in breast-cancer mortality attributable to factors other than screening. Additional strengths of our study include its nationwide design, the large size, the high proportion of women participating in the screening program (77%), and the complete follow-up. The incidence-based approach for calculating rates of death also reduced the likelihood that results were obscured by deaths from breast cancers that were diagnosed before the screening program was implemented.
Is it possible that the lead time created a bias in calculating incidence-based mortality? We counted the rate of death from breast cancer only if the death and diagnosis occurred in that group. For example, in the screening group, a death would be attributed to breast cancer only if the disease was diagnosed early by means of screening mammography or if the disease was clinically diagnosed while the woman was in the group. However, for women in whom an early diagnosis was made at screening and who later died of breast cancer, the diagnosis would have been made clinically at an unknown time within the study period. Thus, the lead time plays no role in the calculation of the rate of death, and we believe that the mortality calculations for all groups are free of this bias.
Our study also has limitations. First, the maximum follow-up time of 8.9 years may be too short to show the full potential of the screening program. However, in randomized, controlled trials, there was a reduction in mortality after 4 years, with an increasing effect up to 10 years. 20 In our study, the reduction in mortality was seen mainly in the first 4 years of follow-up (data not shown). Second, since the screening program was implemented gradually in the counties, diagnoses were Among women in the nonscreening group, there was an 18% reduction in the rate of death from breast cancer, as compared with the preceding 10-year period, presumably as a result of increased breast-cancer awareness, improved therapy, and the use of more sensitive diagnostic tools. Among women in the screening group, there was a 28% reduction in mortality from breast cancer during the same period. Thus, the relative reduction in mortality that was causally related to the screening program alone was 10%.
The made more recently in the screening group than in the nonscreening group ( Fig. 1 ) and there may be an overestimation of the mortality benefit associated with the screening program. Third, some of the women in the nonscreening group may have actually undergone mammography (opportunistic screening), potentially resulting in an underestimation of the benefit of screening. Unfortunately, we have no precise information about the numbers of such examinations. However, several circumstances provide reassuring evidence against contamination by opportunistic screening as an important source of bias. Before the implementation of the screening program, access to mammography was limited, especially in the predominantly rural areas of the country, and the reduction in mortality was of similar magnitude in urban and rural areas (data not shown). Also, the public health care system provides no financial incentives for offering screening mammography. Finally, the organized screening mammography entailed a substantial increase in diagnosed cases of breast cancer, with no similar trends in counties before they joined the program. Our finding that only about one third of the reduction in mortality can be directly attributed to breast-cancer screening is in line with evidence from the National Health Service screening program in the United Kingdom. 21 Other studies have shown a relative reduction in the rate of death from breast cancer of 6.4 to 25% with follow-up periods of 10 years or less. 18, 19, [21] [22] [23] [24] [25] However, most of these studies have compared current breastcancer mortality with mortality in a period preceding the introduction of screening mammography, with no ability to account for the confounding effect of temporal trends. 18, 21, [23] [24] [25] As our data show, such confounding may entail a considerable overestimation of the mortality benefit of mammography. [23] [24] [25] The implementation of multidisciplinary breastcancer management teams was intended to provide comprehensive and integrated optimization of breast-cancer care. As a corollary, it is not possible to attribute the reduction in mortality to any specific component of such a change in health care, although increased breast-cancer awareness, higher sensitivity of diagnostic techniques, and improvements in treatment can all be conducive to a lower rate of death. The greatest reduction in the death rate associated with mammography was observed among women with stage II tumors. This finding might be explained by selective stage migration among screening participants 26 as a result of more sensitive staging techniques (including the use of sentinel-node biopsy, which increased from virtually no use in 1998 to a 65% rate of use in 2004 15 ) and improvements in treatment.
We conclude that our results support the evidence that screening mammography reduces the rate of death from breast cancer. However, the magnitude of this benefit seems modest in the high-attendance, nationwide screening program we evaluated. Most important, the apparent benefit conveyed by optimized patient care may be missed unless breast-cancer screening is integrated into a well-functioning health care system that is available to the entire population. 
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T h e ne w e ngl a nd jou r na l o f m e dicine Screening Mammography -A Long Run for a Short Slide?
No screening test has ever been more carefully studied than screening mammography. In the past 50 years, more than 600,000 women have participated in 10 randomized trials, each involving approximately 10 years of follow-up. Given this extraordinary research effort, it is ironic that screening mammography continues to be one of the most contentious issues within the medical community.
The juxtaposition of such a charged medical debate in the face of such an exhaustive scientific investigation is in itself instructive. For context, one trial involving fewer than 150 men who were followed for less than 2 years was sufficient to convince physicians of the value of treating severe hypertension. 1 That physicians are still debating the relative merits of screening mammography despite the wealth of data suggests that the test is surely a close call, a delicate balance between modest benefit and modest harm.
In this issue of the Journal, Kalager et al. 2 provide additional data that the benefit of mammography is modest. Making use of the opportunity provided by the staggered implementation of a national screening program in Norway, the investigators were able to isolate the benefit of the screening program from other factors that may have changed over time, including increased breast-cancer awareness and improvements in treatment. They report that the benefit of the Norwegian screening program was disappointingly small: a 10% reduction in breast-cancer mortality among women between the ages of 50 and 69 years.
Moreover, this reduction in mortality reflected the combined effect of the two interventions that make up the Norwegian screening program: screening mammography and multidisciplinary teams instituted to better treat breast cancer.
Kalager et al. provide data that the latter may be the more important of the two factors, since women over the age of 70 years, who were exposed to the program's multidisciplinary teams but were not invited to undergo mammography, had an 8% reduction in breast-cancer mortality. Thus, the relative reduction in mortality due to screening mammography alone could be as low as 2%.
Clinicians who follow the mammography debate will reasonably wonder why the benefit estimated by Kalager et al. is so much smaller than the reduction in mortality of 15 to 23% estimated by the U.S. Preventive Services Task Force. 3 The easiest explanation would be that the Kalager estimate is wrong. Although the task force uses data from randomized trials, the Norwegian data are observational -and as with all observational data, the primary threat to validity is the comparability of the comparison groups.
But the staggered cohort design that was used by Kalager et al. mitigates the concern that the women in the four study groups are somehow different, since many of the women in the study actually contributed data to each group at different points in their life. Contamination is a more relevant concern. If the women in the nonscreening groups were exposed to opportunistic mammography screening or began to benefit from the multidisciplinary teams, which had to be in place before the screening program was initiated, then the background effect of time may have been overestimated. This would have led to an underestimation of the benefit of the screening program. Furthermore, the follow-up period may be too short to fully capture the benefits of screening. The authors argue that these effects are small.
So another explanation must be considered: 1277 the estimates of both the task force and Kalager et al. are correct. But where the randomized trials reflect the world before 1990, the observational data reflect the world after 1990. It is quite plausible that screening mammography was more effective in the past than it is now. If women with new breast lumps now present earlier for evaluation, the benefit of screening will be less. If treatment of clinically detected breast cancer (i.e., tumors that are detected by means other than screening) has now improved, the benefit of screening will be less. Thus, the increased awareness about the importance of promptly seeking care for overt breast abnormalities (there is no debate about diagnostic mammography) and the widespread use of adjuvant therapy have probably combined to make screening now less important. 4, 5 Nevertheless, the public widely perceives screening mammography to be one of the most important services provided by modern medicine. The perception is largely the product of wellcrafted public health messaging, such as the American Cancer Society's print campaign in the 1980s that featured the headline "If you haven't had a mammogram, you need more than your breasts examined." Given current data, such messaging must become more balanced.
If we assume that mammography screening is associated with a 10% reduction in the rate of death from breast cancer (making the optimistic assumption that all the benefit comes from screening mammograms), the 10-year risk of breast-cancer death for a 50-year-old woman in the United States is now about 4 per 1000 women. 6 If we assume that this risk already incorporates the benefit of screening mammography, the risk estimate without mammography would be about 4.4 per 1000 women.
Because we are all subject to framing effects, it is important to consider the reverse frame. The number of women who will not die from breast cancer rises from 995.6 to 996 per 1000 women with the addition of screening mammography. Although readers may each respond differently to these frames, both reflect the same absolute benefit: 0.4 per 1000 women. In other words, 2500 women would need to be screened over a 10-year period for 1 to avoid death from breast cancer ( Table 1) .
What happens to the other 2499 women who had to undergo screening to achieve this benefit is also relevant. Estimates of harm vary considerably. In the United States, more than 1000 women would be expected to have at least one false positive result, 7 a number that would be considerably lower in Europe. 8 Less frequent but more worrisome is the problem of overdiagnosis. Somewhere between 5 and 15 women would be expected to be needlessly treated for a condition that was never going to bother them, with all the accompanying harms. 9, 10 Screening mammography has become one of the most prominent measures of health care performance. Since the inception of health care report cards, such evaluations have focused on ensuring that all women undergo the test. 11 There were practical reasons for this: it was easily measured, easy to understand, and hard to argue against. But by highlighting that the mortality benefit is modest, Kalager et al. help confirm that the decision about whether to undergo screening mammography is, in fact, a close call. Many observers will argue that because it is a delicate decision -involving trade-offs among noncomparable outcomes -it must be left to informed individuals to decide. Others will argue that physicians should continue to persuade women to undergo screening and that the modest benefit is worth the associated harms.
But no one can argue that screening mammography is one of the most important services we provide in medicine. The time has come for it to stop being used as an indicator of the quality of our health care system. Disclosure forms provided by the author are available with the full text of this article at NEJM.org. One woman will avoid dying from breast cancer.
Up to 1000 women will have at least one "false alarm," about half of whom will undergo biopsy.
Breast cancer will be overdiagnosed in 5 to 15 women, who will be treated needlessly with surgery, radiation, chemotherapy, or a combination.
* The assumed benefit of screening mammography is a reduction of 10% in the rate of death from breast cancer, as reported by Kalagar et al. 
Superficial Phlebitis and Phase 3.5 Trials
Lee Goldman, M.D., and Jeffrey Ginsberg, M.D.
In this issue of the Journal, Decousus et al. 1 report on the efficacy and safety of fondaparinux for the treatment of superficial-vein thrombosis in the legs. The results of their carefully conducted, placebo-controlled trial show that treatment with fondaparinux, at a dose of 2.5 mg once daily for 45 days, as compared with placebo, reduced the probability that superficial-vein thrombosis in the legs would progress to deep-vein thrombosis or pulmonary embolism (1.3% with placebo vs. 0.2% with fondaparinux), without an increase in bleeding or other serious adverse events. The probability that patients would undergo surgery for superficial-vein thrombosis was reduced from 3.8% to 0.7%. Two patients in the fondaparinux group and one in the placebo group died, but none of the deaths were apparently the result of a pulmonary embolism. This study adds to previous work describing the natural history of superficial-vein thrombosis, 2-5 although it did not address which patients might be at an increased risk because of previously undiagnosed thrombophilia. 4, 5 To put the rates of deep-vein thrombosis and pulmonary embolism -the most important outcomes -into perspective, it is useful to consider the generally "acceptable" failure rates in strategies to diagnose venous thromboembolism. In the study by Decousus et al., the rate at which symptomatic deep-vein thrombosis or pulmonary embolism developed in untreated patients during follow-up (1.3%) was similar to the rate with widely accepted strategies for diagnosing deepvein thrombosis and pulmonary embolism. For example, among patients who are evaluated for suspected deep-vein thrombosis but have normal results on a contrast venogram 6 or duplex ultrasonography, 7 about 1.3% and 0.6% of patients, respectively, will return with symptomatic deepvein thrombosis or pulmonary embolism over the course of long-term follow-up. Similarly, among patients who have a suspected pulmonary embolism but then have normal results on a conventional pulmonary angiogram 8 or a computed tomographic pulmonary angiogram, 9 about 1.7% and 1.2%, respectively, will return with symptomatic deep-vein thrombosis or pulmonary embolism. These historical comparisons and the extremely low mortality among untreated patients with superficial-vein thrombosis support an initial "no anticoagulant treatment" approach, unless conservative measures fail to resolve symptoms or deep-vein thrombosis develops. It is also clear from the stringent inclusion and exclusion criteria in the study by Decousus et al. that treatment with fondaparinux for 45 days is clinically reasonable for patients with severe symptoms, thrombosis in the proximal saphenous vein, or recurrent disease.
Agents such as fondaparinux, low-molecularweight heparins, and perhaps oral direct factor Xa inhibitors (apixaban, rivaroxaban) and thrombin inhibitors (dabigatran) have better risk profiles than do unfractionated heparin and warfarin, and the favorable risk-to-benefit ratio associated with them could lead to an extension Abstract Background: Official descriptive data from France showed a strong increase in breast-cancer incidence between 1980 to 2005 without a corresponding change in breast-cancer mortality. This study quantifies the part of incidence increase due to secular changes in risk factor exposure and in overdiagnosis due to organised or opportunistic screening. Overdiagnosis was defined as non progressive tumours diagnosed as cancer at histology or progressive cancer that would remain asymptomatic until time of death for another cause.
Methods :
Comparison between age-matched cohorts from 1980 to 2005. All women residing in France and born 1911-1915, 1926-1930 and 1941-1945 are included. Sources are official data sets and published French reports on screening by mammography, age and time specific breast-cancer incidence and mortality, hormone replacement therapy, alcohol and obesity. Outcome measures include breast-cancer incidence differences adjusted for changes in risk factor distributions between pairs of age-matched cohorts who had experienced different levels of screening intensity.
Results:
There was an 8-fold increase in the number of mammography machines operating in France between 1980 and 2000. Opportunistic and organised screening increased over time. In comparison to age-matched cohorts born 15 years earlier, recent cohorts had adjusted incidence proportion over 11 years that were 76% higher [95% confidence limits (CL) 67%, 85%] for women aged 50 to 64 years and 23% higher [95% CL 15%, 31%] for women aged 65 to 79 years. Given that mortality did not change correspondingly, this increase in adjusted 11 year incidence proportion was considered as an estimate of overdiagnosis.
Conclusions:
Breast cancer may be overdiagnosed because screening increases diagnosis of slowly progressing non-life threatening cancer and increases misdiagnosis among women without progressive cancer. We suggest that these effects could largely explain the reported "epidemic" of breast cancer in France.
Better predictive classification of tumours is needed in order to avoid unnecessary cancer diagnoses and subsequent procedures.
Background
Between 1980 and 2005, age-standardized cancer incidence in France increased by 38%, primarily due to increased reported prostate cancer incidence in men and breast and lung cancer among women [1] . The case-fatality rate of breast cancer estimated from incidence and mortality decreased from 39% in 1980 to 23% in 2005. The increase in breast cancer incidence may be related to increasing exposure to causal factors, such as use of hormone replacement therapy (HRT), alcohol, obesity and change in family size, but may also be an artefact of increased screening.
Reports from the International Agency for Research on Cancer (IARC) and from the French National Institute for Health Research (INSERM) considered the distinction between real and artificial increases in cancer frequency in France by emphasizing mortality data over incidence data [2, 3] . When comparing the trends between cancer sites, the IARC report hypothesised that the net impact of early detection methods is to increase reported cancer incidence independently of environmental or lifestyle risk factors. The goal of breast-cancer screening (testing for the disease in asymptomatic patients) is to reduce mortality by diagnosing and treating tumours earlier in the disease process. Initially, screening programs will increase rates of cancer diagnosis because prevalent tumours are detected earlier. After the introduction of screening, when the reservoir of undiagnosed cases is depleted, a decline of incidence is expected before a new steady state is achieved [4] . However, recent papers suggest that publicly available mammography screening programs are associated with 10% to 50 % overdiagnosis [5, 6] , where overdiagnosis is defined as the detection, through screening, of disease that would never have been diagnosed in the absence of screening and thus unlikely to have imposed health consequences throughout life [7] . Increase in screening activity also occurs without organized screening program.
For example, after careful modelling, overdiagnosis was over 40% for the younger cohorts that had been exposed to mammograms in Catalonia [8] .
A Norwegian study suggested that mammography screening leads to a larger increase in detected invasive breast cancer than can be explained by earlier diagnosis or increased exposure to risk factors. The authors suggested that mammography screening detects many tumours that otherwise would spontaneously regress [9] .
Most breast cancers are diagnosed by biopsy following identification by self palpation, clinical examination by a physician, or by mammography. Overdiagnosis is inevitable when testing for asymptomatic disease in almost all screening programs.
Clinicians use histology for diagnosing a true progressive disease that would metastasise and cause death without treatment if no other health problem interfered with its progression. The validity of testing for true progressive cancer by histology depends on the sensitivity and the specificity of slides from the biopsy. The number of diagnosed cancer cases in an examined population is the sum of women with progressive cancer correctly diagnosed and of women diagnosed with a cancer that would not progress to clinical detection in their lifetime. The number of true progressive cancers detected in a population reflects the frequency of examinations among women with progressive cancer, the sensitivity of diagnosis procedures before the biopsy, and the sensitivity of examination by histology.
Global sensitivity is the proportion of progressive cancers correctly identified in a population. All nonprogressive tumours diagnosed as cancer by histology are overdiagnoses. They reflect the frequency of examinations among women without a progressive cancer, the specificity of diagnostic procedures before the biopsy, and the proportion of women without a progressive cancer correctly identified when examined by histology. All the cancer-free women not tested contribute to increase global specificity: the proportion of women without a true progressive cancer correctly considered as cancer free in the population. Screening increases global sensitivity.
But by doing this, it also results in decreasing global specificity, which in turn produces more overdiagnosis.
Overdiagnosis includes all nonprogressive tumours diagnosed as cancer using histology and those progressive cancers that would never cause symptoms or death during a patient's lifetime. Such cases are functional overdiagnoses related to a patient's outcome rather than to the physiological or structural causes of overdiagnosis. Functional overdiagnosis depends not only on the cancer but also on competing causes of death and life expectancy. It occurs more frequently when screening is performed among women with a short remaining life expectancy and when global sensitivity is high.
Our study investigates how the increase in mammography screening is associated with increase in the apparent breast-cancer incidence in France. Such information is relevant to the debate about the benefits and side effects of breastcancer screening [10] [11] [12] [13] [14] [15] .
Methods
This investigation is restricted to 1980 -2005 and to French districts of metropolitan
France, the European part of the country. Districts of metropolitan France is an English translation for "départements de la France métropolitaine".
Data
Breast cancer deaths and the populations of women were provided by the Center for Epidemiology of Medical Causes of Death (CepiDC) [16] . The annual number of newly diagnosed invasive breast cancer, and the population of women in France were used to estimate the time trend of breast-cancer frequency. Diagnoses of invasive breast cancer were estimated from population-based cancer registries operating in France [17] . For year 1992 (the middle of the study period) the national estimate was based on 2193 reported cases [18] . Incidence of invasive cancer was provided up to 2005 by the French Institute for Public Health Surveillance [19] .
Age and time specific exposure to HRT [20, 21] , alcohol [22] , and obesity [23] in France were estimated from published data. For HRT, age specific prevalence was based on two cohorts available in France: "ESPS-EPAS" (sample from the social security registry) and "3C" (women from Bordeaux, Dijon and Montpellier). The relative risk estimates were obtained from four models used in the report [20] . Each model takes into account three types of HRT use: oestrogen only, oestrogen plus progesterone, and oestrogen plus progestin. Women were considered exposed to alcohol if they drank at least 6 glasses or more on one occasion and/or at least 14 glasses a week. Obesity was defined by a body mass index equal to or larger than 30 kg/m². For alcohol and obesity, relative risk estimates were based on international literature [24] .
Changes in diagnostic procedure
We used two data sources to evaluate changes in mammography practice.
First, we estimated the number of mammography machines registered annually in France, using the same methods from the 1970s to 2000 [25] . The mean number of screening tests performed per mammography machine is available for 1988 [26] .
Second, we estimated the implementation of organised breast-cancer screening programs by mammography in France up to 2004 [27] . For two districts we also had the age distribution of women undergoing mammography when tested either by an organised program or by private initiative in 1995 [28] .
Change in incidence due to change in risk factor exposure
Breast-cancer incidence attributable to change in exposure to risk factors over time is obtained in age-specific categories. It is computed from incidence in the reference period, available exposure prevalence for each period, and from relative risk estimates. Additional file 1 provides formulas used for these calculations.
Overdiagnosis estimate from change in incidence and breast-cancer mortality
Change in incidence proportion was obtained by comparing age-matched cohorts 15 years apart. Comparisons of incidence within a pair of cohorts submitted to different screening activity were performed separately for middle age women aged 50 to 64 and for elderly women aged 65 to 79. In each pair, the reference cohort was observed at an earlier calendar period when screening activity was less intense. The reference cohort was observed 15 years before the comparison cohort for both age groups of women. For middle-aged women, the reference cohort included women born between 1926 and 1930 and was compared to the cohort of women born in 1941-1945. For elderly women, the reference cohort included women born in [1911] [1912] [1913] [1914] [1915] and was compared to the 1926-1930 birth cohort. For both middle age and elderly women, incidence was observed yearly for 5-years age groups. Change in crude incidence proportion associated with a 15 year change in screening activity is the difference between 11 years incidence proportion within each pair of cohorts.
The detailed computation of incidence proportion is given in additional file 2. The same procedure was used for breast-cancer mortality.
Within each pair of cohorts, incidence attributable to change in risk factor prevalence and to change in mortality proportion, if any, was subtracted from crude incidence proportion to get an estimate of overdiagnosis between the two cohorts in the comparison.
Statistical Methods
Confidence limits (CL) were obtained from a normal approximation to the distribution of proportions for the comparison of initial procedure leading to breastcancer diagnosis over time. Confidence limits for differences between incidence proportions were obtained using French official data and observed cases in French cancer registries operating in 1992 [18] . Confidence limits were not calculated for estimates of the full population. See additional file 2 for formulas.
Results
Time trend for availability and use of mammography screening
The number of mammography machines increased steadily from 308 in 1980, Screening began at age 50, and in 1999, the upper age limit for inviting women to be screened every second year was extended from 69 up to 74 years of age. During the whole period, screening practices were not restricted to the women included in organised programs.
In two districts with an organised program in 1995, the mammography rate before 50 or after 69 years of age was 59% of the mammography rate in the organized screening program for women aged 50 to 69 [28] . In 1988, the mean number of screening mammography per mammography machine amounted to 1050 per year [26, 28] .
Time trend of exposure to risk factor
Changes in exposure to risk factors are summarised in Table 1 Figure 2 shows the age-specific increase of breast-cancer incidence over time. The largest increase occurred for women 45 to 74 years of age. For women aged 50 to 69, the incidence in 2005 is twice the incidence in 1980. The largest increase occurred in 2005 for the 60 to 64 age group. In 2005, the breast-cancer incidence decreased after age 74 compared to rates for women aged 60-69; the shape of the age-specific incidence rate changed from being non-declining with age to being bell shaped.
Changes over time in breast-cancer incidence and breast-cancer mortality
In cohorts that had more intensive breast screening, we might expect a reduction of breast-cancer incidence after age 74 since slow growing tumours should have been detected but this was not seen. Within each pair of cohorts, the observed increase in incidence is even larger at the end of the period of comparison than 11 years before. This is visible in figure 3 for age groups 65-69 to 75-79. Age-specific breast-cancer mortality was similar in the two pairs of cohorts. In the pair of cohorts of middle age women (50 to 64), the cumulative breast-cancer mortality rates were 6.7/1000 from 1980 to 1990 and 6.6/1000 from 1995 to 2005. In the cohorts of elderly women (65-79), the cumulative breast-cancer mortality rates were 9.9/1000 from 1980 to 1990 and 10.7/1000 from 1995 to 2005.
Estimates of overdiagnosis
Incidence rates observed in the cohorts are given in Figure 3 Overdiagnosis estimates take into account changes in incidence proportions, and adjustments due to change in risk factors prevalence, as given in Table 2 . Given that breast-cancer mortality changed less than 0.1/1000 per year, and moved in opposite direction according to age group, it was not taken into account for adjustments. Overdiagnosis estimates are slightly lower than the crude difference between incidence proportions within each pair of cohorts. Adjustment for increase in HRT use and in obesity resulted in a slight reduction in the crude difference between incidence proportions. On the contrary, decrease in alcohol consumption contributed to a small increase in the overdiagnosis estimate for each considered pair.
Overdiagnosis estimates from 1995 to 2005 were 76% (95% CL: 67%; 85%) for women aged 50 to 64 and 23% [95% CL: 15%; 31%] for women aged 65 to 79 .
Discussion
We observed that standardised breast-cancer incidence rates increased steadily from 1980 to 2005 as use of screening tools increased, whereas age standardised breast-cancer mortality rates changed only slightly during this period.
These trends might reflect a progressive increase in unknown breast cancer exposure and a decrease in case fatality due to better treatment. However, our results are consistent with other studies that fail to demonstrate a benefit of screening for breast cancer at the population level.
Opinion on the value of screening mammography remains divided. Many investigators, particularly from the radiology community, support population screening [10, 12, 29] . On the other hand, some but not all meta-analysis of randomised controlled trials fail to document survival benefits [14] . Meta analyses may come to different conclusions because they apply different study exclusion criteria. Those with stricter quality criteria tend to favour the null effects of screening, particularly for women younger than 50 years. However, some have argued that the choice in quality criteria is subjective [12] or due to assumptions [11] . Further, systematic quasi-experimental evaluations in Norway reported poor survival benefit in those screened [30] . Similar studies from Denmark suggest that the decline in breast cancer mortality was greater in regions without screening than it was in areas where screening was phased in earlier [31] . A recent study used WHO data to compare trends in breast cancer mortality in three pairs of European countries:
Northern Ireland v. Republic of Ireland, Netherlands v. Belgium, and Sweden v.
Norway. Although one member of each county pair had a more aggressive screening policy, reductions in breast cancer mortality were similar for in all three pairs. These findings are consistent with clinical trials and other quasi-experiments that have failed to show significant reductions in mortality directly attributable to mammography [32] .
Well-conducted screening programs should lead to an initial increase of both prevalent cases and lead time, and then to a subsequent decline of observed advanced tumours which was not observed. After 74 years of age, when women are not invited by organised screening programs, the incidence rate should not increase as much as when screening occurred previously in the cohort [33] . Nonetheless, compared to earlier ages, the increase in breast-cancer incidence was even larger for women aged 75-79 in 1995 than in 1990, when screening was less intense up to 74 years of age. The unexpected increase in cancer incidence in older women may reflect overdiagnosis due to greater screening [34] [35] .
The period of observation was chosen to ensure stability in the recording systems for both death, incidence and in the nomenclatures used. Before 1978, breast-cancer incidence was not available and breast-cancer mortality trend was biased by the fact that death due to breast cancer was also declared as "cancer" without specifying the site of the primary tumour. Statistics are available on the age frequency distribution of surgical interventions performed in 1999 for breast cancer in France [36] . Among women aged 50 to 79, there are 16.5% more interventions than incident cases of invasive cancer. This difference is consistent with inclusion of women operated more than once or for ductal carcinoma in situ.
Our study has several important limitations. Only a small proportion of the French population is included in cancer registries (about 7% in the middle of the study period). In addition, we can not rule out secular changes in other breast-cancer risk factors like age at first birth, nulliparity or socioeconomic status. Adjustments for changes in HRT, alcohol and obesity prevalence over time are by nature imperfect.
Organised screening programs do not give an unbiased appraisal of actual screening activity in France: they do not include opportunistic screening, which is substantial [28] . An increase over time in the number of mammography machines in France is likely to explain changes of initial procedures leading to breast-cancer diagnosis, as shown in a study conducted in the district of Haute Vienne [37] . A 1% drop of global specificity would explain the observed increase in breastcancer incidence in France. Suppose that among 1000 women, 4 have undetected true invasive breast cancer and 996 do not have invasive breast cancer. If the women are not examined, the four cases will eventually be diagnosed if they become symptomatic and the specificity is 100%. If these 1000 women undergo diagnostic procedures with a global sensitivity of 90% and a global specificity of 99%, we would get 90% of 4, that is 3.6 true positives; 99% of 996, that is about 986 true negatives; 10% of 4, or 0.4 false negative and 1% of 996, that is about 10 false positive. The positive predictive value among the 13.6 diagnosed "cancer" is thus about 3.6/13.6, less than 30%. This example illustrates how overdiagnosis may increase with screening even without changes in the intrinsic sensitivity and specificity of each diagnostic procedure.
Changes in the studied risk factors did not explain much of the increase in breast-cancer incidence over time. The emergence of overdiagnosis as a possible explanation of the incidence trend is related to the long period over which screening intensity has been increasing.
An analogous divergence between the trends in incidence and mortality was observed from 1927 through 1947 in Canada. Confidence in the efficacy of Halsted's radical procedure contributed to increasing early screening by breast selfexamination. McKinnon hypothesised that the limitations of diagnosis confirmed by histology, which is "fraught with uncertainty", explained all or part of the apparent improvement in survival of cancers screened at an early stage during this period [38] .
Undetected invasive breast cancers exist among women at the time of death due to other causes. Welch and Black used autopsy studies to estimate the size of the "reservoirs" of ductal cancer in situ [39] . These studies also revealed undetected invasive breast cancer among women who died from other causes [40] [41] [42] [43] . Other publications report an elevated frequency of slowly or non-progressing lesions [44] , some likely to be misdiagnosed as invasive cancer [45] . It is therefore possible that opportunistic screening explains most of the excess of overdiagnosis before age 50 and after age 74. Similar breast-cancer mortality in the cohort observed from 1980 to 1990 and the cohort observed from 1995 to 2005 also indicates overdiagnosis as a possible explanation for the incidence increase from age 40 to 79.
The 2003 report of the French Cancer Commission furnishes a key to interpreting this increased incidence: "Overdiagnosis (diagnosis of tumours at the borderline of malignancy) constitutes a serious problem because it can artificially increase the incidence of cancer and the result of treatment" [46] . In 2005, a discussion at the French Academy of Medicine suggested that the definition of cancer should change to include evidence of the progression of the tumour over time [47] .
Conclusion
In summary, there has been a substantial increase in breast-cancer incidence in France without a corresponding increase in mortality. Although this could be explained by a perfect balance between an increased incidence and improved survival, we think the increased breast-cancer incidence observed in France since 1980 largely reflects an increase in overdiagnosis. The latter includes misdiagnoses and true cancer lesions that would not have had any impact on the health of the women during their normal lifetime. Better predictive classification of tumours is needed in order to avoid unnecessary cancer diagnoses and subsequent procedures. 
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